Background: Little is known about the prevalence and associations of clinically relevant fatigue (CRF) in recurrencefree prostate cancer survivors.
introduction
Prostate cancer is the commonest male cancer in western countries [1, 2] . In 90% of new cases where the cancer is clinically localized to the prostate gland, the most common treatment in the UK is external beam radiotherapy or radical prostatectomy. It is unclear which of these treatments provide best long-term disease control. Management decisions are therefore based mainly on cancer stage with consideration also given to the patient's age, medical comorbidities and treatment preferences, which in turn will be influenced by anticipated adverse effects of treatment. Bowel dysfunction has been found to be more frequent after radiotherapy and incontinence and sexual difficulties after radical prostatectomy [3] [4] [5] [6] .
Fatigue is the most common symptom affecting cancer patients but is often underreported because patients regard it as inevitable and untreatable [7] . It is also a major factor determining of quality-of-life years after curative treatment of Hodgkin's lymphoma, testicular and breast cancer [8] [9] [10] . While fatigue has been found to increase during radiotherapy for patients with prostate cancer [11] [12] [13] [14] [15] [16] , little is known about the long-term prevalence of fatigue and its associations with initial cancer treatment. In our clinical experience, many prostate cancer survivors complain of fatigue but it is unclear whether this fatigue is specifically associated with their prostate cancer and its treatment or simply age, depression, anxiety and the sleep disrupting effect of prostatic symptoms.
Few of the studies that have compared quality of life after different treatments for prostate cancer have evaluated fatigue. Those that have done so reported only mean scores on qualityof-life fatigue subscales, which can be difficult to translate into meaningful information for clinicians and patients. It is important and more clinically useful to know the proportion of patients who report fatigue of a severity that interferes with function (clinically relevant fatigue, CRF). Only three previous studies of long-term fatigue after prostate cancer treatment have used fatigue-specific scales that allow CRF to be estimated: one, which examined 103 patients who had received radiotherapy 2 years previously found the prevalence of 'severe fatigue' to be 18.7% [17] . Another, which examined 861 patients who had undergone radiotherapy, brachytherapy and radical prostatectomy found the prevalence of 'clinical fatigue' to be 23.6%, 19.8% and 12.7%, respectively [18] . The third study examined 521 hormone-naive patients who were a median of 23 months post-radical prostatectomy or radiotherapy and found 13.4% and 26.1% had 'chronic fatigue', respectively [19] . However, all these studies included patients with relapsed or metastatic disease, which may confound fatigue findings and only one included a control group [19] .
We therefore aimed to: (i) determine the prevalence of CRF in recurrence-free survivors who had received treatment of localized prostate cancer >1 year ago; (ii) compare this to a noncancer control group; (iii) examine associations of CRF and (iv) determine whether type of previous anticancer treatment is independently associated with CRF. Our hypotheses, based on the previous literature, were that the prevalence of CRF in recurrence-free survivors would be higher in controls and that CRF would be associated with depression, anxiety, more severe urinary symptoms and having previously received radiotherapy.
patients and methods
This was a cross-sectional survey of recurrence-free prostate cancer survivors. Data were collected by self-report questionnaires and supplemented with clinical data from medical records. The study was approved by the local Research Ethics Committee.
Edinburgh Cancer Centre is the sole provider for specialist cancer services to a geographically defined area of approximately 1.5 million people in South East of Scotland, UK. After radical prostatectomy or conformal hypofractionated radiotherapy (55 Gy in 20 fractions), patients are followed up for between 1 and 2 years in the outpatient clinic. Thereafter, they are routinely placed on a 6-monthly nurse-led postal follow-up system where patients complete and return a prostate symptombased questionnaire. This coincides with prostate-specific antigen (PSA) tests taken by their family doctor. If problems are identified, patients are invited to return to the outpatient clinic for further assessment.
The sample size was based on the number of patients available for the study. The medical notes of all 905 postal follow-up patients were screened for eligibility. Patients were eligible for the study if they had localized (stage T1-T3, N0, M0) prostate cancer at the time of treatment; were treated >1 year previously; their PSA was controlled and there was no documented evidence of relapse. Since this was a clinical postal follow-up system, it was assumed that patients participating in it were able to understand English and did not have cognitive impairment. Patients were excluded if they were on 'watch and wait' or 'active monitoring'; had received palliative primary androgen deprivation therapy alone or had another concurrent cancer diagnosis.
Between August and November 2005, eligible patients from this system were sent a postal questionnaire. Patients were invited to complete and return it using the stamped addressed envelope provided. Those who did not reply within 1 month were mailed again.
There were no 'normal' UK male Brief Fatigue Inventory (BFI) data to compare our findings to and there was the clinical impression that age, nocturia and consequent sleep disturbance may influence fatigue in prostate cancer patients. To test the specificity of the findings to cancer patients, we compared them with data collected from a sample of similarly aged men with urinary symptoms (63 men with benign prostatic hypertrophy consecutively recruited at Urology Clinics) who had completed the same questionnaire for another study.
Data collected from medical records included age and postcode (to assess Scottish Index of Multiple deprivation [20] , ranging 1-5; most to least deprived), date and type of previous prostate cancer treatment. Other medical conditions may influence fatigue. Patients were asked to report these by ticking a box if they had heart or breathing problems, diabetes, a stroke, problems with their bones or joints that limited mobility and also an open-ended question where they could describe other medical conditions they thought relevant [6] , Fatigue was measured using the BFI [21] , a nine-item instrument consisting of three fatigue severity items relating to present, usual and worst level of fatigue and six items concerning the interference of fatigue with general activity, mood, walking ability, normal work, relations with other people and enjoyment of life over the last week. These items are each scored on an 11-point scale between 0 ('no fatigue'/'does not interfere') and 10 ('as bad as you can imagine'/'completely interferes'). The global BFI score is the arithmetic mean of all nine items (range 0-10). CRF was defined as global BFI score of >3, based on National Comprehensive Cancer Network recommendations and previous publications [22, 23] .
Anxiety and depression were measured using the Hospital Anxiety and Depression Scale (HADS), a self-rated 14-item scale relating to the last week [24] . Each item can be answered on a four-point scale (0-3) generating a total between 0 and 21 for both subscales. Recommended cut-off scores for clinically likely cases of anxiety ( ‡9) or depression ( ‡8) were applied [25] .
Urinary symptoms were assessed using the International Prostate Symptom Score, a seven-item scale. Each item is rated on six points (0-5), giving a score of 0-35. Scores ‡8 represent moderate to severe symptoms [26] .
Quality of life was assessed using the European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire core 30 (EORTC QLQc30 version 3.0) [27] . To reduce questionnaire burden and avoid replication of themes, only the physical, role and social functioning, fatigue and other symptom subscales were used. Each item relates to the past week and is answered on a four-point scale, not at all, a little, quite a bit, very much. Two overall health and quality-of-life items are rated on a seven-point scale (1-7). Scores were transformed to a 0-100 scale [28] ; higher scores represent a better level of functioning or a worse level of symptoms.
data analysis
The mean score was used to impute European Organisation for Research and Treatment of Cancer (EORTC) items when >50% of the scale was completed [28] . To assess whether data were representative of the eligible sample, participants and nonparticipants were compared using Student's t-tests and chi-square tests as appropriate. A similar approach was used for comparing the cancer group with controls. Univariate associations of CRF in the cancer group were examined using binary logistic regression for categorical variables and Student's t-tests as appropriate for continuous variables. Independent associations of CRF were examined using multivariate binary logistic regression. No variable selection was used, and all relevant covariates were forced into the multivariate regression model. HADS depression question 8 'I feel as if I am slowed down' may be construed as referring to fatigue. Hence, associations between CRF and depression were carried out both including and excluding this item [29] . The relationship between the different measures of fatigue (global BFI and EORTC QLQc30 Fatigue) was examined using the Spearman's rank correlation coefficient. A P value of <0.05 was considered to indicate statistical significance. Data analysis used SAS/STAT software, Version 9.1. significant demographic or clinical differences between participants and nonparticipants.
The mean age was 72 years [standard deviation (SD) 6.1] and the median time since treatment was 56 months (range 13-233). Two hundred and forty four (65%) had received radiotherapy and 133 (35%) had undergone radical prostatectomy (n = 18 also had post-operative radiotherapy). The radiotherapy group had more medical comorbidities than the radical prostatectomy group. Compared with the cancer group, controls were slightly younger (Tables 1 and 2 ).
The prevalence of CRF in the prostate cancer group was 29% (108/377) compared with 16% (10/63) in the noncancer control group [odds ratio (OR) 2.16, 95% confidence interval (CI) 1.06-4.40, P = 0.031, Table 1 ]. As there was a statistically significant difference in age between the groups, the analysis was repeated while adjusting for age and the findings were largely unchanged (OR 2.27, 95% CI 1.08-4.76, P = 0.030).
CRF was more common in patients who had received radiotherapy than in those who had undergone radical prostatectomy [33% (95% CI 27% to 39%) compared with 22% (95% CI 16% to 30%); P = 0.024]. Time since treatment was shorter for radiotherapy patients [mean 58 months (SD 31) versus 78 months (SD 33), P < 0.001] but there was no association between time since treatment and CRF (OR per month 1.002, 95% CI 0.995-1.008, P = 0.647). CRF was associated with current depression, anxiety, moderate/severe urinary symptoms, pain and insomnia (Table 3) . Patients with CRF had significantly poorer global health-related quality of life (mean 53 [SD 20] versus 81 [14] ), poorer physical function (61 [23] versus 89 [14] ), poorer role function (57 [30] versus 93 [15] ) and poorer social function (56 [30] versus 90 [18] ) (all P < 0.0001). CRF was not associated with age or social deprivation category.
To determine whether treatment received was independently associated with CRF, other potentially clinically relevant variables were entered into a multivariate logistic regression: these variables were current anxiety, depression, pain, urinary symptoms, insomnia, medical comorbidities and age. When these other factors were controlled for, treatment originally received was no longer associated with CRF and depression had the strongest independent association (OR 9.9, 95% CI 4.2-23.5, Table 3 ). This association remained even when the confounding fatigue item was excluded from the HADS score (OR 10.3 with minimal change in the ORs of the other variables).
Although not our primary measure, the fatigue subscale scores from the EORTC are also presented to allow comparison with other data ( Table 2) . As expected, the BFI and EORTC fatigue scores were highly correlated (correlation coefficient 0.78, P < 0.001). On the EORTC fatigue score, the prostate cancer group had higher scores than the noncancer controls, though, in contrast to CRF, the difference was not statistically significant. However, in common with the CRF findings, the prostate cancer group who had radiotherapy had a higher fatigue score than those who had received radical prostatectomy 
discussion
To our knowledge, this is the first study of CRF in recurrencefree prostate cancer survivors. The main findings were: (i) >1 year post-treatment, almost one-third of patients had CRF and this was more common than in a noncancer control group. (ii) While patients who underwent radiotherapy were more likely to have CRF than radical prostatectomy patients but this was no longer the case if other factors measured at follow-up (current depression, anxiety, moderate/severe urinary symptoms, medical comorbidities, pain and insomnia) were controlled for. (iii) Current depression was the strongest independent association of CRF (even when the confounding HADS fatigue item was removed). These findings suggest that the presence of CRF after treatment of prostate cancer may be more influenced by current medical and psychological comorbidities than the type of initial treatment received.
CRF may be more common in prostate cancer survivors than in controls because of previous cancer treatment or because of currently associated psychological distress. However, the severity of anxiety and depression were similar in both groups. The cancer patients were slightly older but age was not associated with fatigue in this group and both the cancer patients and controls had similar proportions with medical comorbidities so these are unlikely explanations. Urinary symptoms are known to be associated with fatigue [30] but the cancer group had less severe urinary problems than controls. Interestingly, although the prevalence of CRF as measured on the BFI was higher in the prostate cancer survivors, the EORTC fatigue score was not statistically significantly greater. While this could be because the recommended BFI cut-off for CRF [21] is suboptimal, the EORTC does not adequately capture fatigue that interferes with function. It could also simply be a type 2 error reflecting the small size of the control group, so these results must be interpreted with caution.
As hypothesized, CRF was more common in postradiotherapy than in post-radical prostatectomy but treatment type was not independently associated with CRF when other current symptom variables were included. Patient characteristics confound management decisions and 
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consequently, the treatment groups may have differed at baseline. Men who undergo radical prostatectomy have to be fit enough for a general anesthetic whereas those who get radiotherapy tend to be older have more medical comorbidities and therefore could be expected to have higher levels of CRF. Attempts were made to address these factors by including them in a multivariate analysis but prospective studies will be required to reliably determine whether treatment itself influences subsequent CRF. Radiotherapy patients received 3 months of neoadjuvant androgen deprivation therapy. Serum testosterone may have remained low for some men afterwards (possibly contributing to CRF), but the majority should have recovered by 1 year [31] so this is unlikely to have influenced CRF in the radiotherapy group.
In common with previous findings, the strongest association with CRF was current depression [32] . This is not surprising given that fatigue is part of the syndrome of depression. However, only 40% of patients with CRF had depression according to our criteria and this dropped to 21% once the confounding HADS item was removed. Hence, CRF and depression are not equivalent. CRF was also associated with pain, but presumably, this was due to nonmalignant causes as these survivors were recurrence free. The combination of fatigue, pain and depression is a common symptom cluster [33] but interview-based proposed International Classification of Diseases-10 criteria for cancer-related fatigue [34] specifically exclude psychiatric diagnoses such as depression, so some of the patients with CRF in this study would not have satisfied those criteria.
We also found that patients with CRF had much worse physical, role and social functioning and poorer health-related quality of life. The difference in scores between those with and without CRF far exceeded the 20 points described as a 'large' clinically significant difference [35] illustrating the major impact of CRF on the life of patients.
The heterogeneity of fatigue scales used, various populations studied and the differing criteria used to define fatigue make it difficult to compare these findings with previous studies. Only three have specifically examined fatigue in prostate cancer patients post-treatment using fatigue-specific measures. The first was a cross-sectional survey, which examined 103 men who had received radiotherapy with a median of 2.1 years previously [17] . Using a cut-off of ‡7 on the single item of 'worst fatigue' from the BFI, the prevalence of 'severe fatigue' was 18.7% (applying the same criteria to our sample similarly found 18.9%). However, several factors may have confounded this finding: the majority of patients had also undergone radical prostatectomy; the patients had mixed cancer stages, disease recurrence and 29% were receiving androgen suppression (which is associated with fatigue [29] ). Another cross-sectional survey compared the 'psychological functioning' of 861 men who had radiotherapy, radical prostatectomy or brachytherapy [18] . Fatigue was measured using the Multidimensional Fatigue Inventory and the prevalence of 'clinical fatigue' was 18.5% overall and 23.6%, 19.8% and 12.7%, respectively, for radiotherapy, brachytherapy and radical prostatectomy groups. This study also found that patients who had received radiotherapy were more likely to have 'clinical fatigue' (and original articles Annals of Oncology depression) than those who had other treatments. However, they did not include a control group. Although they studied a good-sized sample, only 56% of those eligible participated and this included patients who had relapsed local or metastatic cancer. A third study published recently examined 521 hormone-naive patients who were a median of 23 months postradical prostatectomy or radiotherapy found 13.4% and 26.1% had 'chronic fatigue', respectively, compared with 16.8% in the general Norwegian population (measured using the Fatigue Questionnaire and duration ‡6 months). None of these differences were statistically significant however [19] . In common with our findings, this study also found fatigue was associated with pain, post-treatment comorbidity and urinary dysfunction as well as high neuroticism (depression was not assessed) and intestinal dysfunction. However, current disease status was not assessed and given some patients either had PSA ‡20 and other high-risk features pretreatment; it is likely many patients were not recurrence free. One study that solely examined predictors of fatigue was a secondary multivariate analysis of prospectively collected data from 149 patients who underwent radiotherapy/brachytherapy (grouped together), radical prostatectomy or watchful waiting. It found that treatment did not predict fatigue at follow-up [36] . However, there were several shortcomings: fatigue was not measured using a fatigue-specific instrument (SF-36); disease stage was not described and the time post-treatment was not clear as the follow-up data were reported as '6-12 months after prostate biopsy', which can predate treatment by several months.
Several studies have compared different prostate cancer treatments using quality-of-life measures but few have reported findings on fatigue. Of those that have one examined patients up to 5 years post-treatment and found that radiotherapy patients had lower vitality (measured by the SF-36) than radical prostatectomy patients [5] whereas others found no difference at 2 and 5 years [3, 4] . Another study reported no difference in EORTC fatigue subscale scores between patients who were a median of 10 years post-radiotherapy or watchful waiting [27 patients in each group, both of which had EORTC fatigue scores of approximately 28 which is comparable to our data (range 0-100 where higher scores represent a worse fatigue)]. However, 69% still had cancer, which may have confounded fatigue findings [37] . Studies that compared patient with control data have reported similar fatigue/vitality scores irrespective of type of treatment received [6, 38, 39] . A crosssectional study of 249 patients who were >2 years postradiotherapy reported EORTC fatigue scores similar to those of people >70 years of age in the general German population (mean 29.5 versus 27.8 which is comparable with our data). However, 34% had relapsed disease, which as with other studies may have confounded fatigue findings [40] . Finally, a study of 78 patients found EORTC fatigue scores transiently increased during radiotherapy but had returned to Annals of Oncology original articles pretreatment levels 2 years later. However,this study did not include a control group [16] . Fatigue is also a problem for survivors treated for other cancers [8] [9] [10] . We are however, only aware of one study that has specifically addressed fatigue in recurrence-free survivors using the same fatigue measure as our study. This study examined 1933 breast cancer patients who were 4.6 years postsurgery [41] and the prevalence of moderate/severe fatigue (BFI single item 'worst fatigue' ‡4) was higher (66% compared with 45% in our sample after applying the same criteria).
Our study had several limitations: first, in common with all cross-sectional studies, we can only offer a 'snap shot'; prospective studies are required to fully understand the incidence and trajectory of CRF after differing prostate cancer treatments. Second, the comparison with treatment outcomes is potentially confounded by patient characteristics, as treatments were not randomly allocated. Third, the associations of CRF with treatment were historical whereas the other associations were current; this limits the inferences that can be made regarding CRF development post-treatment (e.g. CRF could have occurred via depression or vice versa). Fourth, the use of standard cut-off score for continuous variables (such as global fatigue and HADS anxiety and depression), while making the results more clinically meaningful, reduces the statistical power for finding associations [42] . Fifth, HADS cut-off scores are not the same as an interview-defined case 
clinical implications
This is the first study to examine long-term CRF in recurrence-free prostate cancer survivors. We found CRF affected approximately one-third of patients. It was however not independently predicted by the type of cancer treatment previously received but was strongly associated with current depression. There is therefore no strong evidence to suggest that the development of CRF in the longer term should be a major consideration when choosing prostate cancer treatment. However, robust prospective studies are required to investigate this further. It appears factors such as depression, anxiety, pain, insomnia and urinary symptoms post-treatment may be more important. The management of CRF in long-term recurrence-free prostate cancer survivors should therefore be focused on optimizing identification and management of these associated conditions, the treatment of which may improve CRF.
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